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l)urin~ the past two years, form lillll[il~~’,  Ill’
bcm u s e d  in tlm mndom viblatit)[l  l~s~  {)t
many of the. equipment items o]) ~11~ ( ‘i\\i,  1 i
spacccratl.  (See for’ cxamp]c  “1 ‘L)I<:( 1 .il] ill II
Vibratim ‘1’csting  of Cassilii S]);I.t’I  r< i (
Coslnic  l)LIst AIIalymI”  [Jahn 96],  ) ‘1 II. LJI.L
limits for the C1)A ad other cquiplllull(  III tit{
Cassini  spaccmafl  w e r e  clcrivd Ils) 1 III (I K
mcthds dcscrilwci  i n  the, 1 9(M S})it(L J dl I

Structures and h4cchanic:il ‘1’estill/, (.’{I]1IL]L  ),( (,
[Schar(oli 9 4 ] .  IJcrcin, vcriflcaliotl  tIl” tltL
Cassini cquipnlent random vil)l alio]] 1( )~
acceleration a l  1({ t-orcc spcciil(ati(~lls  IS
provided by interface  accc]emt  io} I at IL! j ~1 ‘.L
ciata  measLlred  in acoLlstic  tests  of III(  ( ‘; I ,s)lli
spacecraft dcvelopmcnl  test model (1 N ‘N ).

l’hrcc acoustic (csts have beef] j)~l I(II JIt(’{ ~ ()[t
the ~hssini  IY1’M s t r u c t u r e  Willl iill  1! I L II(
structural and equipment conflf,lltiil i~)l~..  ‘1 I K’
accclc.rat  ion and force spectra at tl K: iI II(I i .K  t’s

between tile cqui~)mc.t]t  items w]d tll(: S1lLLI, L .I,ii I
IYl”h4  structure were measured ill llIL W( ]~1 ic
tests and comparecl  with the equip  IrclIl  I .kl  i( II I I
v ibrat ion test  speci f icat ions .  ‘1 ’1  I(: sl I.( t I .I( (
a p p a r e n t  Inasses  were  a l s o  II Ka\III L“LI :1 ilk’
cquipmmlt m o u n t i n g  l)oints C)II 111( ‘1 )] ‘1;

structure md used in the force liilli(  l)] i’(i)lli)l)
mcthocts.  “]’hc prc.dieted force. liltli~s ;\II \lILN\  II

to bc very conscrvat ive with I-CS]NXI  [{J (] ){JLIJ
gr’cater. than) tl]c. me:isurcd lill~its.  ‘J “t 1, i {)1 cc
prcdlctlol~  mctllods  h a v e  bccll jr(:] i ( [(’(i ! I(II
they ncc{i to bc rcfinc(i  an(i vali{i:ltcti  1! 1 LI I I I I ~1 t
systcm al)(i fli~,i]t (ia(a. l’hc acou~[i(. ~(:~1 (111:
showc(i tl]at thr equipmcnl  rall(ioil}  \ 11)1  ,III(II;
test  acccleratim specifications \},!(.  , ~. ;)l .,(1
conservative, but not un(iu]y so.

1. l)liS(’’Rii)”l’JON  01 (: ASSIN1 MISSION

S;LIUI  I I  al’r(i I(\ I IKmII  ‘1’itan wili bc (11c
[i(slill;ilioll  foJ li]~ (::wsilli  miss ion,  a pr(~jcct
Ull(kl joil)i  <icvclo])ll)cnl by NASA, tile
1 uIo]war~ SIHKC A~I,cIIcy (liSA) ancl the ltalian
S]Mc\ A:?,ci]cy. ‘1 ‘iw L1 .S. portion of tile
lnissit)n  is II IaIIa:((i for NASA by tile Jet
l’top~dsiml  1 alm :itory  (J]’]-). Af(cr arriving, at
tt]c ] illgcci IIial]cl.  Illc Ca<sini  orbiter (see l;i:,.
1 ) \vill  Iclcaw tl]c  llNy:,cIJs  pmbc, provi(icd  by
IISA  wl]icil  \vill  (icscc]lci  10 tile s u r f a c e  o f
‘J’i(;al. ‘1’ilc  (’awirli ol]titcl  will then continue on
a II lis~io[l of at icast  four years in orbit tir’oun{i
Si][ll] II. 1.auIIclIc(I  in October 1997 OD a ‘1’itan
l\/-(’<mtmlr  Iockrt fto]l) Cape Canaveral in
liori~ia,  (~atsilli  \viil  flJst execute  t w o  gravity-
a$sis(  fl]’i-)ys of Vrlius,  limJ)  olIe e a c h  o f  the
1  ‘altil  m~[i ~u]litcl  t o  scn[i it on t o  a r r i v e  at
Satu I II irl .lLltl( ?00’1.

‘i i]: (:assilii t~ri~itcl wci[;hs a totai of 2 , 1 5 0
l:ii~y  I ams (4 ,’)50 ]mun(is); after attaching tile
350 kiio:,latll  ll~l~p,cl]s  probe anti a launcil
vrtti~]c a(lajJlct  ;IIILi loa[iing  more t h a n  3,000”
kiioj’talns (61000” ]Knln(is) o f  ]MO}>C]]:lJltS,  tile
sj J:IcLLr:If( w<i:’i  1[ :it launch is about 5,800
kiioj] aIIIS ( 12,800” ~mull(is).  llccame  of the
vc)y ciir]] sutlliil,ill  al S a t u r n ’ s  o r b i t ,  s o l a r
arla)s  alt: Tlot lcdsib]c  m(i p o w e r  w i l l  b c
su])]”)licxi by a Set of IWiioisc)topc
‘J ‘tm ilm~lcxlr  K ( i~ncratoTs  (1{’ 1’{; ’s) which use
lit It frolll  Iilf ll:~t(lt  AI (iccay of plutonium to
\?, Cll{’1 atC C]CC(I i~i~~ t{) 1’LIJI  ~MSil)i  . Iiq Lli]MllCJlt
I  (~] ii totai 0 [ ’  t\vclve  scicncc cxpcuimcnts  i s
caI’1 ic(i ollk~[~al  Ci tilt’ ( ‘21 SSllli 0d3it  C1” aJIci  aJmthcJ’
si}. i]y 011 tll(’  ])~l)~,cr]s ‘J’itan  probe.



l;i.g.  1 Cassilli Spacccrafl  lnlafl~;  (Sl)LJ\{  !I);I SI II,,jcc{ 1< ’J’(;’s, R1)\VS, [IrId l’MSIiA llquipmenl)

2. SPACIKRAII”I’  lY1’M  ACX)lJS’I l<’ ‘1 t S 1’S

“1’hrcc acoustic tests of the Cassini sjJ:~,.t’uI  aj I
] kvdoplllcnt  g’CSt  h40cic]  (JY1’h4) t Ial’t t J L’I I
coIK]ac(cd  (Aug. 94, Sept. 95, a[]il ] k’~’. ):) )

in JP1.’s 300” cu. m (10,()()() (’LI, fl )
rcvcbcrcl 11 acoustic chambm 121(11  ;:>I
invo]vccl  different configmatiotls  (J]’ I )’1 \f,
fli~,  ht, anti  cllginecrillg m o d e l  sIM{L,.  di I
hat dwarc.  and science instrunwnts.  ‘1 liL t ,Vt~
pri)uary ol)jcctive.s  of these tests wf:l<’: I I‘, }
serve as lmcursors  to the fti~llt  slm[~L’  ili L
acoustic test in the, l;all of 1996 aml l’. 1’{ }
provide verification of the ap iot i ])~t,iicl(, i
:Icotlstical  ly-ill(lllcc(l  random vit)l:ltit}ll ~,,<1
ICvcls  [it equipment locaticms  CIII 1111.

spacecraft ‘1’hc locations illcludud I Ill.
altaclmm)t illtcrfacc,s of scicncc illstl  ill 1 I(’I Its.
l< ’I’G>S, reaction  whmls, and othct Sll,NCL] ,.~1 I
asscmb]ics. III nmy cases, botl)  ll]r 1111(.  I ~)r.

accx ICI a(iol ] :Illd i] Itcrfacc  force W’c.]’c,
] IIL*:I\urcxi, at)d i] I some cases tllc  accclcra[ion
I cs]lf)nsc a( a ]milio]l I]car t h e  ccjuipmmt
CC 111 L’I of :,1 avi~y (c. y,.) was also measured.

‘Jllc Sc])(. 95 (’~(ssilli ]YI’M a c o u s t i c  (cst
ii]tl~lticd tll(’ Illost Cmlplc.te spacecraft
[.()[~llglll’:lti(~tl, \vllicll  is shown in l(ig. 2. ‘1’hat
test coilflgllia(iot]  illcll]dcd  two mass mock-
NIN and ww (Iylmlnic Hmclcl of an RIG and
all ~tlf,itlc.(’lillf’  ]lmdcl of a  R a d i o  l)lasma
\va\’c sul)sy’stcJIl Antenna Assembly
(Rl)WS), wt~icll i\l”C tWO Of thC ttllCC
il~s~]l)bli~.s  discilsscd in detail herein. ‘1’hc
tlii[-~l ilSSClll})l  J) discussed here is the
l’lol~ulsion h4&lulc S u b s y s t e m  Iilcctronic
Ass(lnb]y  (1’h4Sl:A) w’llich w a s  simlllatcd
\vitll  ill IlilSS l]lc~ck-Lll)illtllcScl~t.  ‘95tCSt, bUt
wws ]cJNcscI]lcd  \vitll  all cnginccring  mode] in
ttw IJCC. ‘95follo\t’-ol]l)’1’M  acoustictcst.



}Jig. 2 IYI’M Spacecraft in Acoustic  ( ‘Il:ltlil ILi

3. lIQIJll)MIiN’l’ RANI>OM  Vll; l{ A’1’t( ))4
7’1;S”1’  Sl)l K31; l~A’1’10N  S

“1’hc random v i b r a t i o n  teSt [iC’CCl(’l”il( 1:)1 I
specifications for equipment on Il)c ( ‘;lv 1 1) 1
space.craft were generated by di vi(i i 11 fI, I il~
spacccraf[  into foLlr cliffcrcnt 701)CS  \\ ’111( ’11
prilmrily lcflcctccl  the surface devisi[y  ()[ [1](
equipment mounting structutc all(i [t]{’

clistamw from acoustically 1’(:s )oll$l\ ’(”1
s(ructurcs s u c h  as t h e  high-~,air] ;Illl(”llllil
launch vehicle adapter, etc. ‘l’he :ic(clf’l,~litl~
for each mnc wcm initially clctcllnill({l  11)
scaling ranclom vibration data fl<u]l .11’1  ‘
(iali]co spacecraft IYI’M and fiigllt s]wtr{I,Il
acoustic tc.sts.  In special cases, C,II,. lil(’
RTG’s, tllc  accelerations we.lc  (I[:tc]lulitl.(i
usillSthc VAPIil)S vil~ro:~coLlsti  Cl)!(l~’,li~lll.

A s  t h e  Oissini  ~wogram  prop,l(ssu[i :Ii(i
rcsu]ts from the IYJ’M acoustic tcs(s I)c(<i  I}L
available, the acmlcration spccificalio[ls }t’ J(
rcvicwcd for each e q u i p m e n t  itcll~ ail~i,  III

gcmra], were supported by the (i~it;~ /1,

collil)rc.]-lcI]si\Jc  tcst])t’of,j:inl  WaSCOI]dUCteCl  10

clcvttop arl q)tii)]uln :icoustic  liner for the.
illtcliol  or  t]lc ‘1’itan/(lntaur  fairing. A  fLl]l
scai~  acoustic tcsl ol”(hc fairing and spacecraft
f’~)il{lw-oll  1)’1’h4  co]lfi]l)]cd  the reduction of
itl{clior SOUII(.1 l e v e l s ,  s o  t h e  Gssini
(’qulllnlcllt 1 andom vibration accc.]crat  ion
sl)~~ifica(iotis  UICIC tc.(i  LIccd by 2 dll.

‘1’lK C:issilli s])acmaft ]Irogram uti]izcs CM
Contlol  ofll(’.CCIC.li~  ti01l”  ad form in ecp]ipme.nt
]al)(ioln villla(ioli  lcsts, ill or(icrto mitigatctilc
altif  ’lcial ]cso]latlccs and iligh r e s p o n s e s
\vi)i~l] OCCIII il) co])vcntional  vibration tests.
‘J’tlc i’oIcc lit]liti]l~’, a])proach  was cicscribui  a~
tll(’ 1994 sJ)aLwcIaf[ Stl’UCt  111’CS allci

Mculmlical  ‘1 c.slilly, (~onfcrencc [Schar[on  94]
and is aiso (i(’sc  I iiw(i aI tilis  col~fcrcncc  [Jahn
96] in a Con)]ml]ioll  ])a])er ciealing,  with tile
(T:lssini  (:osll}ic IJLISI A]l:tlyzcr  (H)A) scicncc
il]stl Lmlcllt.

“J’j  Ir I :III(iOIt  I \jt)t:ltlOll  tcs(  force specifications
f<~l 1 Imst c(iuii)ll  lr]lt  o]l tiic. Qssini  spacecraft
W(I ( pYIm atc~i usi n: tllc ‘l’wo-I~egrce-of-
1 ‘]cc~ioll) Systcnl  (’l’i)] ‘S) models, ciescribcci
p;;:~iously [Scl];\rt::;Ci9S].  ]n tilis approacil,

C(jlll])lll(’llt ‘ mounting strLlcture
illte.1 (ace auccl~v iilio]]  an(i fo)ce, f r e q u e n c y
siu(ra arc caic”Lii:I[c(i Usi]lg ti}c ‘1’1)13 mo(icls,
dcfil  Kxl witli  [IK cx]ui])]nent an(i m o u n t i n g
S(1 L1(’(UI°C Il)dal Cf’fLT(i  VC lllassCs. (couplcci
s)~sttlll  ]Im(iels  will) ]no]c than two cicg,rccs of
fI cc(i(m~  call  also bc Nscci.) ‘J’hc calcuiakxi

ac(:cl~’ralio]]  aII(i fol-cr.  spectra are enveloped,
al)~i lile J atio of for(’c to tlcccler:l(ioll  ~!lvcl.ol~cs
is coluuiatc~i,  I <)1 I ally.  the force. spectflcation  is
yL’1lL’1 iitc(i bv IIlultii)]ying this ral io of
rr] vcio]xx I)y tilr accclc.ration spccificat i o n .
Noti,c  tiliit (iIc ft)l cc sj)ccifications  (icvelopc.~i
lrl tilis  way aw lM olml-tiolla]  to the acceleration
sl~{:[ii’ic:i[ioll, so ally Cllors, conservatism,
aIILi  lnal~,ill  ill Itlr accx’lcration  specification
ale’ ~arl-ic{i  OVCI into tl)c force specification.

‘J’yi)i~ally,  Il]c ])]t)Liai cffcclivc  nlnsscs  use(i to
dc vciol)  thr 1’01 LC slmcific.ations  were first
L’S(il]liLt(XJ  Usittf,  itlflllik  S)’StC]ll  caicuiations,
I;IICI C:iiCLliatC{i  f’] 0111 ] ‘~ M ‘S [Wacia 72.], Nl(i
flll:iiiy Uj)(imli Wi{t) apparent nlass
111( ’21\ LII’CIIICIlt S. 1’01 t}lc ecluipmcnt, tile
ii])~);llt~llt lIlaSSCS  W’(’IC Incasure(i in IOW ICVC1



.

sine (rots conducted as a prccu( SOI l(.) t)I\
vibration qualification tests. I;or tlw lllt)llt)’  ill;’
strLlcture, the apparenl  masses WC] c 1 I 1(’a\lI I L’, i

in tap tests, using a typical mociai  (c,<f M( II 1 J

“1 ‘h is paper fomscs  on ran(ioIII  tit)]  .1’ i(jrl
testing, but force limiting is also usr(i ill ,11’1
in Iow-fwqucncy  sine tests of cxjllil)lll~’111  III

t h e  f o l l o w i n g  ]nanner. ~’ilc  (icsI~tI  iowi 1:}
often dcfi IIcd as the quasi-static lilllit  I(l[l{i.
which may bc intcrprcte(i as ti)c w:t.Lltl  ill it VI
of t i le centcl  -of-gravity (C.p,. ) 01  Ill<’

cquipmcn[.  H o w e v e r ,  i t  i s  illlil{)ssil)lc  lo
measure the acceleration of tile (: {’. (1: :1
nonrigid bocly with an accclcrolllc~cl,  i)..~: I.t N.
witil ~icformation  tile c.g, bccollll’s  a \it (11:11.

not a real l)oint. Measuring an(i cotltr~)liill~’  (il(
il](crface  lorcc i s  a  convc.nicllt,  altci IIJI i\ c
mc(l-mi of limi(ing to the quasi -slatic ci~’ i~’11
loads, silm tllc external force (iivi(i~{i  i)y liIC
total mass is always  equai tc~ ttlc ~ \I.
acceleration (Ncwlon’s 2,11d  1 jaw ).

4. l< Al)IolS[)rl’ol’lir  l’lItil<Moll  i :(’ 1’1:!( ‘
(31  }Nl ;l<ATORS  (f<JC;’  s ) l)f. 3 1 )yllall]ic  Mo(ic] of ~;assini  R7’G

h40ulltl:ci  fot Axiai  Vibration ‘I’M

}ii&L1l’c 4 shows the accclcl  a[i~.~]1  ~~ i, I1; I
measurai  in (ii ffcrent axes at tilt>  1<’1’(  i I l:l~ji
(iuring ti~c Sept. 95 lY1’h4 acousli~  t(,’s[,  Also
silown in IJig. 4 is the R’1’~1  rall(ionl  \’iltilli[lll
test acce.lcratioll  specification (0.08 ( i~/1  I / !.
wbicll corlcspoli(is  to Gssini equii)lllf.’i!~  Z, )11:
1. (In tl]is ami the similar p]oti lMLStJ I[ctl

ilcrcin,  imth  tile acoustic test (i:i[:i :Illi I{IL

ral Iciom vibration test spccilicat  i(ll 1 l~iiJL  .1 (i I;
of I m p,in over the .  pmii(ttxi lil{~,ill
cllvil-(~lllllcllt.)  Gmparison of tt w {i;ll:l  kit l:i
si>ccifica[ioll  in l:ig. 4  inciicalcs Ict[l;IIkil)lL
agrccmmt; that is, tile spccifica[ioll jllsl iml(:li
envelopes the data over  (iI[’ CiIII  III ~1~

frequency ratlgc from 20 to 1000 11/

i I)F,UI e 5 shows the. fw cc ciata measured in
(iiflrlent axes al tile RTG b a s e  during the
S(:l)t, 95 11’1’h4 acoastic test. in each case, the
f~,l~(.  S] IOWII  ]s (IIC (o(ai  force acting in each
ciil-<ctiolt,  i .c. ttlc  su]n of the forces at the four
1<’1’(  i altacilnlcllt  imits. (’1’hc rcai-time SLIm  of
the forms flo]ll  scvclal pifzoclcctric  f o r c e
p,,iy’,(s  is ca~i]y obtaillml  by combining ti~e
s]gl]ais fIO[II tlic itl(iivi(iLlal  gages in a junction
box bcfol c t i l e c h a t  gc at nplificr.)  l;O]
col)lpal isoll, 1 ip,, 5 aiso shows the  form
s})c~ifica[io]l  fol tllc R’JG ran(iom vibra t ion
lcs(~,  (ic.rivv(i fl~)nl the ‘1’I)}N as previously
ci(xuI ibrd. A  (’assilli eqLl  ipmnt  generic
l)lelilninaly foIcc speci f ica t ion ,  wilicll  is
])] o}mrtiollal to tiIc cqLlillmcnt  weight squarcxi
all(i tile  a(mlcl atio]l specification power
s]lct’tral  cictlsity  is also shown in l;ig. 5. “J’hc
1<’1 ‘(i fmcc sl)ccificaliol  I cxactl y .mvelopcs  tile.
axi;il (iata at 220 117, wbicil  i s  a  criticai
i“I cxlllcncy  fol tili I<’l’G, an(i is quite
uo)lwvvati  vc a( o{itcr f[ c(lucncics, ‘J’hc Gssini
j’,lxl~ric  fo] u(’ s]wciflca[i~m  is approximatc]y  7
d H :ibovc tile R’] ‘G fol cc specification ill the
llli(i-flc(iLlt:l)L.ics.
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5. RAl)lOl)I,ASMA  WAVJ; S(111S}’S’1  t Al
AN’J’l  iNNA ASSliM}ll,Y  (1<1’L\’s )

l;ij;urc  6 shOws  tbc cngincerins,  II I(NII,SI  IIf 11 L

(hssini  R1’WS lIIOUI)tCd  011  :1 Sll:ik.I.’l  j(l i!
latcra]  vib[atim test. ‘1’hrcc small Siic(l  II i: (ill
fol cc gaf,cs al c mounted I)L’t \\ ’c{’l I II ;(
1’CCt ill  1~,11 1 al [CS( f i x t u r e  and Il]c 1<1’’~,4S
triangu]al basC. l(i~LllC  ~ stl(J\!L, 111[’

iwc(lelatiotl (Iiit:l II IrasurLd ill different axes at
tllc R1’J~TS l)iIsr (Iurit]:, t h e  S e p t .  95 IXM
:]co~lsti(:  tt’st, Also  SIIC)WH in I:i:,. ‘/ is ttlc
RPWS ]-a IJdOII I  vitx  a[iOn  test  accclcratim
s]rcificatior] (0.15 G2/117?), which
C{)I I vslmt]cls  to ( ~ii<sitli eqLlipment  mnc 2 .
1’)/. ‘/ s i l o \ \ ’ s  111:11  tllc  (iata CXCXXXI  tllc
s~lciific:lliotl  t)y 7 d]] 81 55 117 for the 7, axis
(llollll;ll)  all(l “ ill L’ almlt 4 (IH bc]ow tk
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5. ]< AI)I() l)I,ASMA WAVIi SIIIISYS”I  J h
AN’1’J;NNA  ASSJ;M 1)] ,}T (1<1’\}~s’)

IJjgurc 6 s})ows the cngincming  II ICKiCl  01 1 K.
(ksir]i  R1’WS JnoL]nted  on a  sli;ikc[  101  J

]atcral  vibration  test, ‘1’hrce SIIKI1l  siy~’(1  II I:I\I II

f o r c e  ga:,cs  a l  c mollllkd bct\v(:L’il) Ii IN:

l’CCt2H)~Ll]211’ test fixiurc and ttt~ 1<1’\l S
triangular base. l;igusc 7 Snow’s [II(”

a~ccl(vation  (iii(It ]] Ira\tll L>(I in different aXCS at

tlIc I<l)WS I)as(:  (lL]t ill{~ the Sept. 95 1)1’M
ac(JLl~[ic  tcs(. Also shown in lig,. 7  i s  (I1c
R 1’WS r:InLloiIl  vil)l a[iol) t e s t  accclcralion
sjo.:i  I ]cat i oIl ((),1s G2/117), W]ljc}l
COIIc\lx)l  Ids IL) (I;]ssil]i cquipnmt  701K 2 .
J if’ ‘ /  S n o w s  [1)/1[  Itlc d a t a  Cxced  the.,
Sjk’(’il]catioll  l)y “/ (111 al 55 lIY, for the 7, axis
(Iioll)l:l])  al]d -  :11{’ atmlt 4 ciI\ b e l o w  [he



sJxzification al the highc.r frcquct)~i  L’s, ;III )1 ~
200 117. ‘1’hc combined RPWS aI t(i t I 1,1:.~,
mwnting smlct  111’C appamt  1) ll;l~ ;1

fLllldalllcIIMl rc.soIlallcc  a t  5 5  1 1 7  ;:11[{  : II

at(cllllatcd  Icspoll, sc 111 ftlc hlg}lcl  1 I 10A’!.

M;)uIltd ~or 1,atcral  Vii)] a[io] ~

1.00E+OO

1.00E-06

‘] (.. [

1 ‘I:ul”c  8 sllo\vs (}IC 1’()]CC data lllC21SLlI’Cd  in
(ii flrlcnt  axes at [lKI R1’WS base durillg the
S(’.lIt. 95 1)’J’!vl  iicous(ic test together with [hc
1<1’\\7s 1 Nl(lolll v i b r a t i o n tcsl fol’cc
sl)c,ific:l(iot], ‘1’JIc f<)lcv specification is 8 d]]
~l[c;l(c,]’  [}]al} [Ilc (1;1(;1  :1( 5 5  117, and much

~~lc;l[c,l  ;II ]Iip]) f]c(l~lc]]cics.  AlSO show]) i s  tl)c

(’.(~~ini ~cm:]  ic ]llulilnill:wy force specification
w’llilh  is v(..]s ((~l)scrv:ltivc.

6. l’1<OI’ (11 S](JN h401)(ll  Ii SllllSYS”J’l;M
1 I ,Ii(rl l{(. )NI(’ ASSI;MII1 ,Y (1’MSI;A)

}’i~[llc.  9 slIoivs tl]c. f l i g h t  Chssini l’MSIiA
II 101 IIIkd OII a slI:IkcI for the axial vibration
lCS( };OIII Slll:l\l si7vd  (riaxial  fo]cc ~;i!JC.S  211”C

]():;I[cd  a l  (t)<’ COIIICI’S  o f  t h e  }’MSl iA bWC,

t ) L ’ [ \ ’ \ ’ c e l l  ttlc Stl:lkcl  Ilcad  Cx]xmcic.1’  ;Il)d  (I1C
I):ls(’.  111’1”(’, :1s uiltl  ttm  f<rl’(i  aIld RI’WS
i((llls,  II() :I(l(liti(ltlal  fix(uring,  w a s  ncccssary
to il~stall  [I]c fot(c g,a:?cs in the s p a c e c r a f t
IY1’hl  acous[ic tcsl  or i n  t h e  e q u i p m e n t
)Iit>[,(lion Ics[\. ‘1’tw  f l i g h t  f a s t e n e r s  wcsc
sillll)ly  j]]a(lc  l{)II:cI (0 :1~.’~:olllljloc!;lte”  the force
::f( thick t]css.
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l:ig. 7 (;assini RPWS ]Iast At\LIL  1::1 i~)i 1 ht;l arILl RatICiI.J]Il  Vit)lalio]l  Spccifiuation
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liig. 8 Cassini  RPWS l~osc  I IIIIC I ). ;I and  }UIIIdOI  II \/il)Iatiolt  S})ucification

~’ +
1 ‘i;<ui c 1() slI(lws [II( acceleration data
II I(Sa  SLIICd  it] ciif”l’crc]lt axes at the Ph4SI 1A base
(lurilig  tk 1 kc. 95 follow-on IYI’M acoustic
[est. (~’hc 1’MS1 A was simulatcc] by a mass
\il Illl]R(ol”  jl)  Ill(i SC])(.  ~s l)-I’M  [lCOUS[iC  tCSt. )

‘J’t [e I’MS} ‘A is :1 I)i:’, electronic box mounted
to lIIc. ])l-t)plllsi{)]] n Iodu]c section of’ the
siJa(ccr;  If[ (11:. 1 ), Al,w> shown it~ l~i~.  10 is
111(1’ MS1;  A ]:~!l(iolll  }’it]t:~tio~~[cst  accclcra(im
s]mificdtio]l  ((),.’1 C;~/11/),  which corrcspon(is

to (’:lssilli YolIc 3, ‘1’t)c  data arc considerably
ICss ttlall  tll(’ s])~cif’l(atio[] at [k low
flcqucncics  t)ut aj’,Icc  W C]] at the h i g h e r
fl(’qllcllcics, alx)vc  3 0 0 ”  }17,.  ‘1’his bc.havior
(. OIl[[ast\ slla[llfj~ with the St f’orlg
f’llll(lilll)C1  l(;\l-fl \”(lLICllCy  lCS]lO1lSC.  [)f tllC
l{l’\$’S (lis(Llss((i])  ]~viollsly.rl’l  lcst]c)]lg  high
f[((jLl~])~~l  ~I\j)()]l\~i l.ttl)~~’Ms]~A  interface is
a])pllelltly 1 lot dllc t o  direct acolls tic
CXCililtioll,  b(’c:l~liv  tll(’ lcsponse  w a s  s i m i l a r
it] [IK: Sept. ‘)5 I)”J’M test when the 1’h4Sl LA
iv;~~ IIlodcl(’Ll  with ;I I)]:Iss sin]ulator.



,

l.ooE+ool_._ . . . . . . . . . . . . . . ., ..T— ..-T  _ ~... -. . . . . . .
1’ I

‘-----  5 R :  5g  rms

-.. 51: 5.6g  r!,,s

—  --  2 3 R :  5g  rrrlS

-. -  -23T:  5g rn,s

‘ - ‘ 2 3 2 :  3 . 1 9  rms

_—Zone  3  Spec.

l “ I

‘ I
!“’ /’

i-u -J.-Li 1
10

I/if,. 10 (’assini  Ph4SllA ll:isc ArI.L it ,Iti~ II I);II:I aIId R; II)(IOIII Vit)riiti[)]l  S p e c i f i c a t i o n

j I ,:) 100[, 10000

..,.  .,,

1.00E+04

1.00E+03

z
“g,

& ,,oo~+02

5
c1

~ , OOE+O1
Ill
&
UI
(.)

$

I.00E+oo

I.00E.01

—.—. . . . . .,, , .- —..... ,_. .

I
I
i

,,
‘,

-. —-. .---- .,. —
1’ ‘1

\’ ‘“- F1 (f<ad),  97 I t ,  rim

\

\

-  .  F2  (langl 7 4  I t ,  nns

-.. F3  (Vctl).  7 0  lb rrf,s

“__ififce Spi.c
I

‘- * ForLc  Spcc ( P r e l i m i n a r y )

1 ~ !

‘,

, ~

i ,

1:

$J , !- ,-~~
10 lCL 1000 10000

. . . . . ,.
}Jig. 11 Gssini PMSliA I{il.ft  ) ill [ l), IIa and 1<:111(10111 V]l)]iltio]l  S})rcification

l;igulc  1 1  shOws  tk fmm (iata  III~:;ISLIIC{i I I I 111’M xxms[ic 1{s[, so tiIat in tilis  c:isc it W:IS
diffcruit axcx  at ttm  PMSliA base ti~ir illj~ II]{
I)cc. 95 foliow-oll  1)’1’M acoustic tc.~t t{)~~:ti,l l’[)ssil)l~ to lls~ tile ~ll~clope  of tim acous t ic

t~:.$t d:ita :1< (I)c f{)] cc slmificat  ion, ratim tilm
witil t h e  I>MSI;A force spccificati~)}l,  t~~lli  }1 cirl ivil]p, (ill’ fol (’(” si~ccificati[~l~ from tilewas :Ktllfii]y (icrivccl  by cnvclojlill{~,  {I IC.)C ‘J’l )i:S analytical II~odcl.  ) Aiso shown is tile
data. (rl’hc ramicm  v i b r a t i o n  (cs[ oj 1 k (’:]fsitli  :,crl(’ric j’{)l CC sJKzific:iti~~l  wi]icl~ is
I’MS] ;A OCClllTC(i  sc)mcwhat aftct tii~>.  ] )LL, ~,’ i v(rv ]ilucil ~)(’:it~.l ti~:tll  Ii]c (iata,


